Velocity of Sound in Water as a Function of Temperature and Pressure by Srivastava, Arvind Mohan & Varshni, Y P
VELOCITY OF SOUND IN WATER AS A FUNCTION OF
t e m p e r a t u r e  a n d  p r e s s u r e
ARVIND MOHAN SRIVASTAVA and Y. ? . VARSHNI
D epahtm ent of P hysics, Allahabad UNivERsn’V, Allahabad 
{^Receimd, July 9, 1959)
ABSTRACT. It is shown that tho vanation of velocity of sound (w) in water with 
temperature (f) at different pressures can be represented by Using Smith
and Lawson s data, maximum velocity temperatures at different pressures have been cal­
culated. Pho maximum velocity temperatures appear to increase with the inci eoso in pressure 
but at very high pressures the data in inconclusi\'e,
I N T R O D U C T I O N
Water is known to show an abnormal behaviour in many oi its physical 
properties as shown by Partington (1951). And that is also true for the 
velocity of sound in it. I t  is known that all pure liquids show a linear variation 
of sound velocity with temperature and a negative temjierature coefficient Water, 
on the other hand, displays a maximum velocity (at about 74“C at atmospheric 
pressure) and the temperature coefficient changes from positive to negative at 
this temperature (which for the sake of abbreviation we shall call as 'maximum 
velocity temperature’). Frequently this anomalous behaviour of water is attri­
buted to association, yet methyl ahjohol and several other associative com­
pounds do not have a variation similar to that of water.
In recent years considerable attention has been paid to the measurement of 
sriund velocity in water. Willard (1947) has shown that the velocity of sound 
can be represented as
,x= 1557-0.0245 (74—«)=^
which gives a maximum velocity at 74“C. Greenspan, Tschiegg and Breckonridge
(1956) found the maximum velocity temperature to be 73.95®C. On tho other 
hand Salceanu (1957) made measurements of sound velocity at temperatures 
between 27“C and 81°C at a frequency of 1315 cycles per second and found 
that the maximum velocity is at about 62°C.
Paucholy (1953) has investigated tho velocity of sound in heavy water, 
Lagemann, Gilley and McLeroy (1953) have determined the velocity of ultrasonics 
in supercooled water and heavy water. Highly accurate measurements (accuracy 
one part in 30,000) for the sound velocity in water from 0‘^C to 100“0 have been
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recently reported by Grooiispau and Tschiegg (1057) who represent their results 
by a fifth degree polynomial.
lleeently determination of sound velo(iity in water has also been made at 
high pressures. Holton (J9 5 I) has reported measurements on the velocity of 
sound in water as a function of pressure up to 6000 Kg/cni‘^ at two different 
temperatures. Smith and Lawson (1954) using an ultrasonic echo technique 
have carried on similar measurements at hydrostatic pressures varying up to 
9600 Kg/cm^. Martin (1957) has determined the velocity of high frequency sound 
waves in distilled water and in standard sea Avater at 25°0 between 0 and 1000 atm. 
pressures using a pulse technique.
The measurements of Folton and those of Smith and Lawson shoAV an impor­
tant discrepancy as regards the behaviour of the maximum velocity of sound as 
a function of temperature as the pressure is increased. Holton concludes from 
his measurements that this temperature decreases with increasing pressure 
while Smith and Lawson finds an opposite behaviour. The latter authors 
have given graphs (their figure 4 ) showing that the maximum velocity tempera,ture 
increases gradually with increasing pressure, though no precise analysis of 
the data is given.
In this paper M'e have examined Smith and Lawson's data by analytical nwithods 
to find the exact behaviour of maximum velocity temperature and maximum 
velocity with increase in pressure.
I t  was found that the variation of tlu‘, velocity of sound (u) with temperature 
at different pressure can be adequately represented by
Avhere (t) is the iemperaturc in Centigrade degrees and ci, b, c, are constants.
Smith and Lawson’s values at six different pressures were used to evaluate 
the constants a, h and c by the method of least squares. The values thus deter­
mined arc produced in Table 1. The calculated and experimentally observed values 
of n are shown in Tables II to VII. The maximum velocity tompeiature is given 
by —6/2 (1. Its calculated values as well as maximum velocitiea are recorded in 
Tabic VIII.
TABLE T
No PreflRuroa a h c
Kg/cm2
1 1 1407.546 4.24603 -.0295928
2 43r> 1492.542 3.62012 -.0218743
3 10.S9 1605 788 3.21895 -.0181910
4 r)f)44 2262.727 1.49529 -  .00785982
5 7370 2484 108 0.068427 .00144287
(i 9410 2617.304 1.32011 -.0073539
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TABLE 11
For pressure of 1 Kg/cm-
No. r c Caloulatod
m'HOu.
Obaervoil
Dilloronce 
it(ciilr) — w.(obs3)
1 0 1407 n 1403 -1 4.5
5 1488 1 1488 -1 0.1
24 2 1493,0 1494 - l . o
4 20.(5 1499.0 1504 ^ 4  4
5 27.0 1500.0 1605 - 4  4
6 27.0 1502.2 1604 - 1 . 8
7 45 4 1639 3 1539 -1 0 3
S 55. i 1551 7 1547 1 4 7
9 06 5 1568 7 1555 3 7
10 74 7 15.59.0 1557 1 2.(3
11 83.2 1550.0 1557 -1  0
l:s 93 8 1545.5 1549 - 3 . 5
TABLE TII
Eor pressure of 435 Kg/i m“
No. V C Oaluulatod
m/sec,
Obnervod
Difforonoo 
M(calo)—u(ob8(i)
1 22,5 1562 9 1563 - 0 .1
2 57.6 1628.5 1628 1-0.6
3 60.9 1636.8 1637 - 0 . 2
4 77.0 1641.0 1642 - 0 . 4
5 86.7 1642 0 1642 0.0
ti 96.5 1038.2 1638 4 0.2
425
426 A. M. Srivastava and T .  P .  Varshni 
T A B L E  IV
Eor pressure o f 1039 Kg/cm^
'u. m'aec. Difiference
No. ralculaied obaorved 'ii(oalc)—‘u(obsd)
1 26.5 1678.3 1677 +  1.3
2 44.2 1712.5 1714 — 1.5
3 55.4 1728.3 1729 — 0 7
4 63.4 1736.7 1737 - 0 . 3
5 70.5 1742.3 1742 +  0.3
0 75.5 1745.1 1745 1 0.1
7 80.4 1747.0 1746 1 1 0
8 88.1 1748.2 1748 +  0 .2
9 96 4 1747.0 1747 0 0
10 104.6 1743.5 1744 - 0 . 5
TA B LE V
For pressure of 5544 Kg/cm^
Uy m/sec. Difference
No. oaloulated observed w(calo)—M(obsd)
1 0 .0 2262.7 2264 - 1 . 3
2 22.6 2292.5 2290 +  2 .5
3 57.4 2322.7 2324 - ^ . 3
4 66.5 2327.4 2327 +  0 .4
5 76.3 2331.1 2331 +  0.1
6 85.9 2333.2 2335 - 1 . 8
7 96.1 2333.8 2333 +  0 .8
8 103.3 2333.3 2334 - 0 . 7
9 103.4 2333.3 2332 +  1.3
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TABLE VI
For pressure of 7370 Kg/om“
No.
M,
calculated
m/dOc.
observed
DilTeronoe
w(oalc)-"W(obsd)
1 19 1 2485.9 2485 1 0 .9
2 42-8 2489.7 2492 - 2 . 3
3 61.1 2491.4 2491 -F0.4
4 63.4 2494.2 2495 - 0 . 8
5 69.7 2496.9 2495 +  0 9
0 84.0 2600.0 2497 -1 3 .0
7 95.6 2503.8 2600 - 2 . 2
TABLE VII
For pressure of 9410 Kg/cm 2
u. m.'sec. Diffei'ence
No. VV culouluted observed ?i(oalo) —M(oalc)
1 56 5 2668 4 2671 — 2 .6
2 (12 4 2671.0 2669 - 2 .0
3 70 2 2673.7 2672 H-1 7
4 62 7 267(1 2 2676 [ 0 2
97.4 2676 1 2678 - 1 . 9
(> 98 4 2676 0 2676 0 0
7 128.9 266.5 3 2664 1 1 3
H 129.0 2665 2 2666 - 0 . 8
TABLE VIII
No. Presaiixo
K g/m i3
M axim um
Velocity
Tem perature
“C
M axim um
V elocity
1 1 71.76 1659.9
o 435 82.75 1642.3
3 1039 88.48 1748.2
4 5644 96.12 2333.8
5 7370 X X
6 9410 89.76 2676.6
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D I S C U S S I O N
Though Smith aud Lawson (1954) have not given the uncertainty in their 
values it appears that the values differ by 2  m/sec from their values given 
in figure (i. Tables 2-7 show that the average difference in the calculated and 
observed values of the sound velocity is 1 ,4 m/sec. This is within the limits 
of experimental eiror postulated above
The results for pressure of 7370 Kg/cm^ do not show a maxima because it is 
found that the constant r m this instance is positive whereas for other pressuies 
its values are negative. Also the values of a and b for this pressure do not follow 
the general trend in thir variation with pressures as seen in Table T. Tt i^ 
tVierefore, suspected that the experimental values for this pressure are noli 
sufficiently a(!Curate \
\
The constant a rejireseuts the velocity of sound at 0*^ 0 Its variation with 
pressure is seen m Table 1 and ligiirc 1 . Fortunately, Smith and Lawson have
Vrossure
Fig, 1. Shows variation of a  with pressuio.
experimentally determined the variation of velocity with pressure at ()°C. Some 
of their experimental points are shown in figure 1  by open circles. As expected
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both the above sets of points lie on a smooth curve. Point corresponding to a 
pressure of 7370 Kg/cm“ is not considered.
Behaviour of constants h and c is shown in Figure 2. The values of b and c 
are observed to decrease smoothly with pressure.
F ir. Shows varml.ioT) of consiantB h and c with changes in iirossurcs.
Maximum velocity temperature as determined with the above theoretical 
expreasion at a pressure of J Kg/em  ^is 71,75°C. The value determined hy Green- 
span et al (1956) at atmospheric pressure i.e. 1.09 Kg/cm® is 73.95°C. There is 
thus a difference of 2.2°G The discrepancy at other higher pressures is hound 
to be greater in magnitude. The maximum velocity temperature increases with 
pressure up to .-5544 Kg/cm“ but the value at 9410 Kg/cm  ^is found to be lo w  
than the previous value. It has been pointed out that the value at 7370 
Kg/cm* is not suiBcieutly accurate. The temperature gradient at higher pres- 
sures is very small (Table 6 , 7) and hence even small error in measurements can 
seriously vitiate the position of the maxima. The experimental uncertainty of 
±2 m/see at higher pressures can be responsible for a variation of about 5«0 in
the value of maximum velocity temperature from the correct value.
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The trend of niaxiniuni veloeity temperature is to increase with pressure, yet 
we do not consider it safe to draw any precise conclusion from this fact regarding 
the numerical variation. Perhaps the value at 5544 Kg/cm^ is a bit too largo 
and that at 9410 a bit too small.
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